Procollagen propeptides increase in the CSF after subarachnoid haemorrhage, reflecting increased collagen synthesis in the arachnoid. We studied the induction of dural collagen synthesis after cerebral trauma by measuring the carboxyterminal propeptide of type I procollagen (PICP) and the aminoterminal propeptide of type III procollagen (PIIINP) in 17 subdural haematoma or effusion fluid samples obtained at operation on days 10-85 after head trauma. The concentration of PICP was 78-fold higher and that of PIIINP 156-fold higher, relative to that in the serum. These results indicate that meningeal trauma is followed by a long lasting increase in dural collagen synthesis, and suggest that enhanced synthesis of the various extracellular matrix components may have a role in the development of chronic subdural haematoma or effusion.
A fluid containing space has been postulated at the dura-arachnoid junction, but many studies offer compelling evidence that no such subdural space exists. [1] [2] [3] The putative space is said to be located within the dural border cell (DBC) layer, which is continuous with the meningeal dura externally and with the arachnoid internally. [1] [2] [3] This layer is characterised by flattened fibroblasts, a paucity of cell junctions, a lack of extracellular collagen, and enlarged extracellular spaces containing non-filamentous, amorphous material. [1] [2] [3] These features make the DBC layer structurally weaker than the external portions of the dura and the arachnoid, and under some pathological conditions it can be cleaved open and become filled with blood or effusion fluid. 3 We have previously found that the meninges are a site for active collagen synthesis. [4] [5] [6] The cerebrospinal fluid (CSF) concentration of the carboxyterminal propeptide of type I procollagen (PICP) is 73 µg/l and that of the aminoterminal propeptide of type III procollagen (PIIINP) is 3.5 µg/l, being similar to concentrations in serum. 4 6 These concentrations change in a time dependent manner in the CSF of patients with subarachnoid haemorrhage (SAH). 4 6 7 Procollagen propeptides recovered from the CSF of patients with SAH indicate that blood induces a fibroproliferative reaction, and probably reflect collagen synthesis in the arachnoid, 4 6 although a definite fibroproliferative response has also been detected in the dura of the rat after experimental SAH. 5 The subdural haematoma cavity is formed within the DBC layer, and remnants of DBCs are usually found on the adjacent surfaces of the dura and the arachnoid. 3 The rate of dural collagen synthesis may therefore be estimated by analysing subdural fluids. For this purpose, we obtained chronic subdural haematoma and effusion fluid samples at surgery, and measured the concentrations of PICP and PIIINP in them.
PATIENTS AND METHODS

Patients
Seventeen patients (12 men, five women) who underwent surgical treatment of chronic subdural haematoma or effusion were recruited (table 1) . They were required to be free of rheumatoid arthritis, other connective tissue diseases and liver disease, not to have been treated with corticosteroids, and not to have had previous head traumas. Their mean age was 70 years (range 39-89). The most common symptoms on presentation were disorientation, impairment of consciousness, impairment of memory, mild to moderate weakness, or hemiparesis and impairment of speech. The extent of the subdural haematoma or effusion was evaluated by measuring the maximal thickness of the subdural fluid collection in the diagnostic computed tomography scan. The patients were operated on under local or general anaesthesia. The decompression procedure consisted of a conventional burr hole, and after dividing the membranes, the haematoma or effusion fluid was aspirated into polypropylene tubes. Seven samples were clear yellow in colour, representing chronic subdural effusion, and six were dark brown in colour, representing typical chronic subdural haematoma (table 1) . Four samples were taken at reoperation for chronic subdural haematoma and were classified as postoperative effusion on the basis of their yellow colour. A parallel blood sample was taken from the patients, and blood samples were also obtained from 22 controls (nine men, 13 women; mean age 41 (SD 14) years) with no definable neurological or other previously known chronic disease. The protocol was approved by Ethics Committee of Seinäjoki Central Hospital.
Methods
Immediately after evacuation of the subdural haematoma or effusion, portions of the intraoperatively aspirated material and the blood samples were centrifuged at 3000 rpm for 10 minutes; the supernatant was stored at −75°C until assayed. After appropriate dilution with phosphate buffered saline, the samples were assayed for the carboxyterminal propeptide of type I procollagen (PICP) and the aminoterminal propeptide of type III procollagen (PIIINP) using specific radioimmunoassays (Orion Diagnostica, Turku, Finland). The propeptides are released in a 1:1 ratio during synthesis of the respective procollagens, 8 and can thus be used as indicators of the rate of collagen synthesis. 9 Non-parametric tests were used in the statistical analysis, since the sample groups were small and most of the distributions were found to be skewed.
RESULTS
Notably high concentrations of PICP and PIIINP were found in the subdural fluid (table 2), but serum concentrations did not differ between the patients and the controls. The median concentration of PICP in the 17 samples of subdural fluid was 7.42 mg/l (range 2.60-47.6 mg/l), 78 times higher than that in the parallel serum samples. Correspondingly, the concentration of PIIINP was 0.50 mg/l (range 0.14-1.36 mg/l), 156 times higher than that in the serum. The PICP/PIIINP ratio in the subdural fluid was 15 (range 8-50), being similar to that in the CSF of controls (table 2), whereas the ratio was 32 (range 11-48) in parallel serum samples (p = 0.02 for difference between subdural fluid and serum; Wilcoxon signed rank test). The highest propeptide concentrations were 47.6 mg/l for PICP and 1.36 mg/l for PIIINP, in patient 2 with subdural haematoma. The subdural fluid/serum ratio of this patient was 548 for PICP and 504 for PIIINP. There were no significant differences in propeptide concentrations between the chronic subdural haematoma, post-traumatic subdural effusion, and postoperative subdural effusion samples (table 2) .
DISCUSSION
We found chronic subdural haematoma and effusion to contain extremely high concentrations of the propeptides of type I and type III procollagens, that of PICP being 78-fold and that of PIIINP 156-fold relative to the corresponding serum concentrations, and both more than 100-fold relative to concentrations that have been measured in the CSF. 4 Interestingly, the concentrations of PICP and PIIINP were fairly similar to those observed in wound fluid during the first few days after a surgical operation, [10] [11] [12] suggesting that dural fibroblasts have a considerable potential for collagen synthesis.
We have previously shown that the intrathecal compartment is a site for active collagen synthesis, and that procollagen propeptides increase in the CSF in a time dependent manner after SAH. 4 6 7 PICP and PIIINP are already elevated on day 3 after SAH in the cisternal CSF, 7 reach a maximum in two weeks in the lumbar CSF, and then decline slowly over several weeks. 6 The time dependent changes in CSF procollagen propeptide concentrations are similar to those observed in collagen synthesis during wound healing and in other forms of acute fibrosis. 13 The induction of collagen synthesis in the subdural space is probably similar to that in other tissues, but, interestingly, we found that the concentrations of the procollagen propeptides in the subdural fluids were still markedly high three months after head trauma. The fibroproliferative reaction had thus been a highly active, long lasting process.
The development of chronic subdural haematoma or effusion is often a consequence of head trauma. 3 Traumatic cleavage of the DBC layer resembles a skin wound as the continuity of the tissue is severed in both cases. Interestingly, we found that the propeptide concentrations in the subdural fluid samples were close to those reported in wound fluid, 10 11 suggesting that a fibroproliferative state resembling wound healing is involved in chronic subdural haematoma. Many cytokines and growth factors have been implicated in the pathogenesis of subdural haematoma, and recent studies have All values are medians (range). The data for the controls are from our previous reports. 4 6 revealed increased concentrations of inflammatory cytokines such as interleukin 6 and interleukin 8, 14 and of growth factors such as vascular endothelial derived growth factor and basic fibroblast growth factor in subdural haematoma fluid. 15 Inflammatory cytokines are involved in wound healing, as they attract leucocytes and mesenchymal cells to the wound site. 13 In addition, certain fibrogenic cytokines, most notably transforming growth factor β, are released and stimulate fibroblast proliferation and collagen synthesis. The increase in the synthesis of collagen may only reflect the fibroproliferative state in the dura, but, evidently, the synthesis of other components of the extracellular matrix, including glycosaminoglycans and proteoglycans, is increased as well. The latter molecules are highly hydrophilic, and their presence in subdural fluid may increase the oncotic pressure. Indeed, not all the protein in the haematoma is derived from serum protein exudation, but part is synthesised in situ and there is an inverse relation in subdural haematoma between the total protein concentration and albumin ratio. 16 The oncotic pressure of subdural fluid depends in a linear fashion on the total protein concentration. 17 We therefore suggest that the increased synthesis of extracellular components leads to an increased oncotic pressure in the fluid in the cavity, thereby contributing to haematoma or effusion enlargement.
In conclusion, we found markedly high concentrations of the procollagen propeptides of type I and type III collagens in subdural fluid samples obtained within three months of head trauma, implying that the increase in dural collagen synthesis is a long lasting one. We suggest that increased synthesis of the various components of the extracellular matrix contributes to the pathogenesis of subdural haematoma and effusion.
